A set of novel Y-shaped asymmetrical pyrimidines has been prepared on the basis of 2-hydroxy-4,6-dimethylpyrimidine used as a starting compound. All of them are the chromophores of D-π-A-π-D' motif where A is a central pyrimidine core; D, D' are the thiophene-2-yl, thiophene-3-yl, 9-ethyl-9H-carbazol-3-yl or 9H-carbazole-9-yl-fragments and a π-bridge is a vinyl or styryl moiety. We have studied their optical, electrochemical and electrophysical characteristics, as well as their polymerizability with the help of electrochemical oxidation.
Introduction
Organic electronics is moving at an incredible speed involving in the sphere of use and interest more and more new organic compounds among which -conjugated systems (small molecules, oligomers and polymers) hold a special place. [1] [2] [3] [4] [5] The π-conjugated compounds, which structure includes simultaneously electron excessive (D) and electron deficient (A) moieties, the so-called push-pull chromophores, are extensively studied and used in material chemistry. Usually they display an effective intramolecular charge transfer (ICT), that is important in terms of their application as materials for nonlinear optics (NLO), for organic light emitting diodes (OLED) and fluorescent sensors. [6] [7] [8] At the same time it is known that most of the materials based on -conjugated organic compounds exhibit p-type of conductivity, whereas the organic photovoltaics requires the stable materials with n-type of conductivity. Alternating donor/acceptor units in the main chain of a chromophore structure, embedding electron acceptor or electron donor fragments into the side chains, changing the nature and the ratio of D/A fragments in a conjugation chain and, modifying the character of -bridges as well, make it possible to generate a compound with the required optical, physical, chemical and electrical properties. [9] [10] [11] [12] [13] Such an interesting line of research as synthesis and investigation of pyrimidinecontaining chromophores of D-A, D-A-D, D--A, D--A--D motifs is intensively developing exactly in this context. 12, [14] [15] [16] [17] [18] [19] [20] [21] There are various synthetic pathways towards preparation of substituted pyrimidines. [22] [23] One of them consists in condensation of aromatic aldehydes with 2-hydroxy-4,6-dimethylpyrimidine, which can be regarded as one of the important building blocks useful for constructing D--A--D systems. This method permits to obtain -conjugated 2-hydroxypyrimidines with vinylene bridges in 4C and 6C positions linking pyrimidine core with different aromatic units. As a result, a plenty of 2,4,6-trisubstiuted pyrimidines of Yshaped (banana-shaped) structure have been synthesized. [15] [16] 20, [22] [23] [24] Due to the shape and spaitial arrangement these compounds frequently display nonlinear optical properties. 7 Most of them are the chromophores with two-photon absorption (2PA), and as a consequence, can be applied in optical limiting, optical data storage, in two-photon fluorescence microscopy, and in photodynamic therapy of cancer. 18, 20, [24] [25] [26] [27] [28] [29] The existence of hydroxyl groups in the structure of these chromophores makes it possible to incorporate aliphatic substituents which improve their solubility and processability. Moreover, length, branching degree and the nature of O-substituents influence the character and strength of van der Waals interactions, which affect the spatial structure, degree of aggregation, stability in solutions and in the films of monomers and polymers derived from them. The presence of functional groups or aromatic moieties in these substituents could also change the structural, optical and electrokinetic characteristics of the monomers and polymers as well. [30] [31] [32] There have already been described 4,6-substituted pyrimidines including phenothiazine 33 , thiophene 34 , triphenylamine 20 , methoxynaphthalene, It should be noted that at present time the only symmetrical pyrimidines of this type have been synthesized and investigated. 20, 24, [36] [37] The asymmetry of a molecule induces the redistribution of electron density, which entails the changes in physicochemical and optical properties. The character of these changes can be tuned in different ways, e.g. by incorporation of dissimilar substituents into the various positions of the carbo-or heterocyclic moiety of monomer, by the asymmetry of a central core or by creation of asymmetric periphery. [37] [38] [39] Besides, the asymmetry of a molecule structure always affects the packing mode of compounds; for example, the oligothiophenes with different terminal aliphatic substituents have been found to form a liquid crystal phase even at an ordinary temperature that is a result of a molecular asymmetry. 40 As part of our ongoing work 36, 40 we have prepared a series of asymmetrical 4,6-diaryl-substituted 2-alkoxypyrimidines integrating in one molecule two different electron excessive heterocyclic moieties (Scheme 1). Synthesis of these compounds, containing carbazole, thiophene and pyrimidine moieties in various combination, their optical and electrochemical properties as well as their electrochemical polymerization are discussed in this paper.
Results and Discussion
Synthesis. As mentioned above, the reaction of 4,6-dimethyl substituted pyrimidines with aromatic aldehydes is usually applied to obtain symmetrical compounds 33 and is rarely used to prepare asymmetrical compounds. 41 The traditional usage of 1:2 mole ratio of reactants has given rise to a plenty of symmetrical 4,6-di(2-arylvinyl)pyrimidines of Y-or V-shaped configuration. 20, 36, 40 We have firstly carried out the stepwise condensation of thiophene-or carbazole-containing aldehydes (Ar 1 CHO) I-IV with 2-hydroxy-4,6-dimethylpyrimidine 1, pre-synthesized by cyclization of acetyl acetone with urea (Scheme 1). 42 The initial interaction of equimolar amounts of reagents has resulted in formation of 2-hydroxy-4-methyl-6-(2-arylvinyl)pyrimidines hydrochlorides as the brick-red poorly-soluble crystalline substances, which further treatment with the potassium carbonate water-alcohol solution has brought about free bases 2-4 as yellow solid powders purified by the repeated washing with hot ethanol (pyrimidines 2 and 4) or by recrystallization from toluene (pyrimidine 3). Scheme 1. Synthetic routes to the Y-shaped 4,6-disubstituted 2-hydroxy and 2-alkoxypyrimidines 14-19.
The remaining methyl group of the pyrimidines 2-4 and 7-13 can further participate in condensation with arylcarboxaldehydes, that opens the possibility to prepare asymmetric Y-shaped conjugated pyrimidines, in our case -the pyrimidines 14-19 (Scheme 1). We have explored two ways to create these structures.
The first approach involves the following sequent steps: the initial condensation of 2-hydroxypyrimidines 2-4 with aldehydes I-IV in presence of HCl (cc), the isolation of 6-Ar containing different heterocyclic moieties at C4 and C6 atoms of a pyrimidine core. It should be noted that all the transformations in this series proceeded with high yields, although the main method of separation and purification of the synthesized compounds was the column chromatography.
All the prepared Y-shaped pyrimidines 7-19 could be regarded as the extended -conjugated chromophores of the D-π-A-π-D' motif and at the same time -as the -conjugated oligomers, which backbone is formed by several aromatic heterocycles alternating in various manner. The values of their molecular weights lie in the interval 330-700. Optical and electrochemical properties of these compounds are dictated first of all by the interaction of a central electron defficient pyrimidine core with the electron-excessive conjugated arms in C4 and C6 positions of a pyrimidine cycle, "leading to antennae-type light harvesting from the arms followed by energy transfer to the core". 1 The structure of an O-substitutent definetely affects the solubility and the tendency for aggregation, and finally determines the film-forming parameters of compounds and the characteristics of future thin films.
Absorption and emission properties. The resulting neat pyrimidines as well as their solutions are of bright red, yellow or orange colors. Moreover, most of the solutions fluoresce (e.g. Figure 5 ); thus the solutions of compounds 15-16 fluoresce even in the visible light to form solutions of the green-blue and deep violet color. The intensity of fluorescence and its duration increase sharply under UV irradiation (UV lamp, Camelion LY-26-fs/blb/e27, = 365 nm). The optical properties of pyrimidines have been studied by means of UV-vis absorption and fluorescence spectroscopy; the spectra have been registered for chloroform solutions. The results are summarized in Table 1 . The corresponding absorption spectra are presented in Figures 2-3 . Four (5-6, 14-17) or three (18) (19) main absorption maxima of various intensity are observed in UV-vis spectra of pyrimidines in chloroform (Table 1) . Absorption spectra of the pyrimidines 2, 5-6, 14-16, containing 2-{4-(carbazol-9-yl)phenyl}vinyl moiety, are characterized by the appearance of a long wavelength absorption bands of a very low intensity in the range of 590 -624 nm (Table 1, Figure 2 ). The origin of this band can be explained by the existence of an effective intramolecular charge transfer (ICT) from the 4-(carbazol-9-yl) unit to the central electron withdrawing pyrimidine cycle through the conjugated -C6H4-C(H)=CH-bridge. This fact is in agreement with the previous results of investigations fulfilled by us 43 : the UV absorption spectra of symmetrical 2-hydrox/alkoxy-4,6-bis(2-{4-(carbazol-9-yl)phenyl}vinyl)pyrimidines also display the long wavelength bands of low intensity. The absoption UV-vis spectrum of 2-hydroxy-4,6-bis(2-{4-(carbazol-9-yl)phenyl}vinyl)pyrimidine has such a low-intensity band at 520 nm, its n-octyl ether -at 676 nm and n-hexadecyl ether -at 617 nm. The UV spectra of compounds 17-19 don't display a long wavelength maxima despite the presence of such an electron-rich fragment as N-ethyl carbazole in their structure (Table 1, Figure  3) . Furthermore, the absorption edge (λ abs onset) of pyrimidines 5-6, 14-16, containing 4-(carbazol-9-yl)phenyl moiety is strongly redshifted ( Table 1) .
The optical band gap energies (Eg The influence of the pyrimidines structure on the fluorescence spectra is nearly the same that has been found for the absorption spectra. The emission maxima of compounds 5 ,6, 14-16 were found to be redshifted if compared with those of compounds 17-19. As in the case of UV spectra, the pyrimidines 5-6 containing free hydroxyl group show the highest max emi values: 550 nm -for the 2-hydroxypyrimidine 5 and 515 nm -for 6. Most likely that here takes place the excited-state proton transfer (ESPT) and the hydrogen of the hydroxyl group moves to the adjacent nitrogen atom of a pyrimidine ring to form the system with the separate charges, which could be further stabilized by converting either into initial 2-hydroxypyrimidine system or into tautomeric 2-pyrimidinone system. Such a process is usually accompanied by intense emission in the red wavelength range of the spectrum. [44] [45] The Stokes shifts (SS) of the obtained set of pyrimidines vary from 73 (18) to 190 nm (6) ( Table 1 , Fig. 4-5) . Such high values of shifts might be primarily explained by the existence in the compounds of the notable intramolecular charge transfer from electron rich fragments to electron deficient pyrimidine, which entails a change in the electron density distribution along the conjugation chain of a compound, that in its turn leads to a change of a dipole moment in the excited state. As a result, the solvent dipoles have to reorient around this new excited state dipole moment of fluorophore in order to attain a new energetically favorable orientation. 
Cyclic voltammetry measurements.
With an effort to gain further insights into electronic properties of the synthesized pyrimidines their redox behavior was studied with the help of cyclic voltammetry (CV). The details of CV experiments can be found in Experimental Section. In this work, all the synthesized compounds contain electron rich units (such as carbazole and thiophene) which could be polymerized chemically and electrochemically when their electron rich positions are free (C3 and C6 -in a carbazole moiety and C2 and C5 -in a thiophene one). Pyrimidines 2, 4-8 and 12-16 include such types of carbazole or/and thiophene fragments, that's why they successfully undergo electrochemical oxidation and form oligomer/polymer films on the surface of the working electrode. Here we present three examples of the obtained cyclic voltammograms (Figs. 6-8 ). The first two graphs are the CV of pyrimidines 8 and 15, one of which (8) is a precursor of the other one (15) . Both compounds include such a polymerizable moiety as carbazole; at the same time compound 15 includes a thiophene moiety which also could be oxidized. As can be seen from The pyrimidines 3, 9-11, 17-19, containing the carbazole and thiophene fragments with only one free electron rich position, easily form dimers, which subsequent polymerization proceeds scarcely (Figure 10-11 ) or does not occur at all. Here we present two cyclic voltammograms, obtained for compound 17, including 9-ethyl-9H-carbazol-3-yl and thiophene-2-yl moieties (Figs. 9-10 ). The analysis of cyclic voltammograms reveals that electrochemical oxidation of the pyrimidines, containing both carbazole and thiophene fragments, starts with a carbazole moiety oxidation to give an initial cation-radical (Scheme 2) as the first step. [48] [49] For compounds 2, 5-8 and 14-16 the value of the first oxidation potential (E 1 ox) lies in the interval 1.25-1.3 V. The priority oxidation of the carbazole unit is indirectly confirmed by the fact that the oxidation processes of pyrimidines 4, 12 and 13, which structures include only a thiophene moiety as a polymerizable fragment, occurs at the much higher potential values 1.74 -1.80 V. As the next step radical cations formed in this way can combine with each other to form dimer dications [48] [49] or to combine with a neutral of carbazole containing pyrimidine (Scheme 2) 49 to form a dimer cation. The following elimination of two\one protons results in the formation of neutral dimers, capable of further oxidation. [48] [49] As a result, compounds 2, 5-8 and 14-16 have successfully undergone electrochemical oxidation and formed oligomeric thin films on the working electrode surfaces. It is fair to assume that the structure of thus generated oligomers present a backbone consisting of carbazole fragments, which nitrogen atoms are linked with styrene hands containing terminal 2,6-disubstituted pyrimidine moiety. The examples of such structures (7P and 8P) are shown in Figure 12 .
The analysis of cyclic voltammograms obtained in the process of electrochemical oxidation of pyrimidines 17-19, including N-ethylcarbazole moiety, has shown that the oxidation of these compounds starts at the less positive potentials if compared with those of pyrimidines 2, 5-8 and 14-16, incorporating 4-(carbazol-9-yl) phenyl moiety. This fact is a result of the less effective conjugation of a (N-ethylcarbazol-3-yl)vinyl fragment with a central pyrimidine core. This is also confirmed by the absence of the long-wavelength absorption bands in the UV and fluorescence spectra of (Table 2) . 
Conclusions
A set of novel asymmetrical chromophores of D-π-A-π-D' motif with a central electron deficient pyrimidine core Y-shaped was prepared using step-by-step condensations of 2-hydroxy-4,6-dimethylpyrimidine with arene carbaldehydes, including thiophene or carbazole units. The study of optical, electrochemical and electrophysical properties of thus prepared compounds has shown that these properties strongly depend on the mode in which a carbazole moiety is integrated into the chain of conjugation. All the prepared compounds have revealed strong fluorescent properties. Large Stokes shifts and broadband fluorescence inherent to these chromophores suggest their use as materials for luminescent solar collectors (LSCs). Electrochemical oxidation of all the prepared compounds has resulted in the formation of oligomer/polymer films on the electrode surfaces; electrochemical and energetic characteristics of the films were studied by cyclic voltammetry. 
Experimental Section
General. All the required solvents were dried following the standard procedures. 1 Н (300 MHz), 13 C (75 MHz) NMR spectra were registered on a Varian Mercury plus-300 spectrometer in CDCl3 with hexamethyldisiloxane (0.055 ppm) as an internal standard. Mass spectra were recorded on an Agilent Technologies 6890N/5975B instrument (EI, 70 eV). The elemental analysis was carried out using CHNS-932 LECO Corp analyzer. UV-Vis absorption spectra were recorded in 10 mm cuvettes on a Shimadzu UV-2600 spectrophotometer for CHCl3 solution of compounds. Fluorescence spectra were recorded on a Shimadzu RF-5301 PC spectrofluorophotometer: the excitation wavelength -220 nm, cuvette dimensions 10×10 mm, solventCHCl3. Purity of compounds was tested by thin-layer chromatography using Sorbfil plates, visualized with UV light (365 nm) or iodine vapours. The mixtures were separated and the target products were purified by column chromatography on silica gel (Lancaster, Silica Gel 60, 0.060-0.2 mm). Electrochemical measurements were carried out on a potentiostat/galvanostat (ZRA Interface 1000), using a standard three-electrode cell with a ITO or carbon-pyroceramic working electrodes, a Pt wire counter electrode, and a Ag/Ag+ reference electrode. The supporting electrolyte was 0.1 mol L -1 solution of Et4NClO4 in the acetonitrile-dichloromethane (1:1) mixture. The potential scan rate (Vscan) was 50 mV/s. 2-Thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde, 2-ethylhexyl bromide and 1-bromohexadecane were purchased from Alfa Aesar. Synthesis of 2-hydroxy-4,6-dimethylpyrimidine hydrochloride 1 was carried out by the previously described procedure.
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General method of synthesis of 2-hydroxypyrimidines 2-6. 20 An equimolar mixture (0.0125 mol) of 2-hydroxypyrimidines 1-2 and a corresponding arylcarboxaldehyde in 80 ml of ethanol was stirred for about 15 min and then treated with 2.5 mL of HCl (cc). The obtained reaction mixture was heated under reflux for 6 h to give the corresponding hydrochlorides as red solids, which were then neutralized by 10% aqueous-alcoholic solution of carbonate of potassium. The resulting products (yellow solids) were filtered off, washed by hot ethanol and dried in the air. General method of 2-hydroxypyrimidines alkylation (synthesis of 7-19). 20 The equimolar mixture (0.9 mmol) of a corresponding 2-hydroxypyrimidine (2 -6) (0.9 mmol, 0.2 g) and bromoalkane in 30 ml of DMF was heated and stirred under reflux for 5 h in presence of 9 mmol of K2CO3 (1,13 g), then cooled and poured into ice. The resulted product (usually a yellow precipitate) was filtrated off and dry in the air. The precipitate was purified by column chromatography (eluentCH2Cl2:C6H14, 1:1). General method of synthesis of 2-alkoxypyrimidines 14-19 (way 2). An equimolar mixture (0.0125 mol) of 2-alkoxy-6-(2-arylvinyl)-4-methylpyrimidines 7-13 and a corresponding arylcarboxaldehyde in 80 mL of ethanol was treated with 2.5 mL of HCl (cc). The obtained reaction mixture was heated under reflux for 6 h to give the corresponding hydrochlorides as red solids, which were then neutralized by 10% aqueous-alcoholic solution of carbonate of potassium. The resulting products (yellow solids) were filtered off, washed by hot ethanol and dried in the air. Carbazol-9-yl) 
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